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THE SEASONS, 


Wished Spring returns; and from the hazy south, 
While dim Aurora slowly moves before, 

The welcome Sun, just verging up at first, 

By small degrees extends the swelling curve! 
Till seen at last for gay rejoicing months, 

Still round and round, his spiral course he winds, 
And as he nearly dips his flaming orb, 

W hee!s up again, and re-ascends the sky. 





THE SEASONS, 





Ture are but few phenomena presented to the notice of 


man more beautiful and, at the same time, more instructive | 
to him, than the regular succession of Seasons, and the | 


present fit localities for the habitations of man, would 
become ice-bound, and consequently uninhabitable. 

But do our wants cease here? should we be content with 
constant Summer? No; the grass would become withered, 
the flocks would lose the food with which they were for a 
while nourished, the brooks and rivulets would’ be dried 
up, pestilential diseases would ensue from the putrefaction 
of animal and vegetable bodies, and man himself, enervated 
and debilitated by excess of heat, would droop as if the 
vivid spark of life were sinking out. These results are 
prevented by the wise ordinations of Providence, by which 
Suramer is succeeded by Autumn; a season which at the 


varied benefits which they confer. The cold and bleak | same time softens the descent from Summer to Winter, 


temperature of our Winter is rendered less rigorous by the 
artificial processes by which we obtain warmth within our 
dwellings ; but still the genial and refreshing air of Spring 


dreariness of Winter. The pleasing associations connected 
with Spring, when both animal and vegetable life seem to 
acquire new vigour, and a new lease, as it were, of exist- 
ence, would not alone suffice for the wants, either natural 
or artificial, of man. The Summer's Sun is required to ripen 
and bring to perfection the fruits of the Earth, whether to 
be used directly by himself as articles of food, or to nourish | 
those animals which subsequently furnish him with diet. 
The Summer's Sun is also necessary to melt the ice, which | 
makes the polar regions one sterile and dreary waste, unfit | 
alike for almost every species of animal or vegetable. | 
Were it not that the genial warmth of the Summer's Sun 
dissolves large portions of ice, the frozen regions would | 
dually extend their boundary towards the equator; and | 
those countries which are now called temperate, and which | 
Vor, XIII. 


} 
is looked forward to by all as a delightful change from the | 
| 





and brings to perfection those fruits which are to serve for 
the good of man, and other animals, during the remaining 
portions of the year. 

Thus, then, does each season bring with it its joys and 
advantages; and thus are we taught to admire the exqui- 
site mechanism and adjustment of the heavenly bodies, by 
which these joys and advantages are imparted tous. But 
how are these seasons brought about? and why is it that 
the Sun sheds such a varying amount of cheering influence 
on the Earth at different seasons? The answer to this 
question is admirably calculated to show, what wonderful 
effects spring from apparently small causes. The reason 
for the succession of the various seasons is to be found in 
the simple circumstance, that the Earth does not revolve on 
her axis in the same plane in which she revolves round the 
Sun; if those two planes coincided, we should bave no 
variety of seasons; the same intensity of heat or of cold 
would be experienced at the same place, at every season of 
the year. This important circumstance we yf proceed to 
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explain, and to illustrate by reference to the diagram which 
forms the frontispiece of the present paper. 

Before we enter upon that inquiry, however, it will be 
desirable to describe certain circles, which are supposed to 
be drawn on the surface of the Earth, and in doing so we 
must refer to the figure of the glove at the end of this 
article. 

The Earth is, as before stated, nearly a perfect globe, of 
which the equatorial diameter is a little greater than the 
volar; and it has, likewise, been observed, that this globe, 

esides its revolution round the Sun in the course of a year, 
revolves on its own axis, from west to east, once in every 
twenty-four hours. The two ends of this axis are the north 
and south poles, p and q. The circle which surrounds 
the Earth, exactly midway between the two poles, is 
called the eguator,x x. Another line crossing the equator 
in an oblique direction but not given in the figure, is 
called the ecliptic, from the circumstance that when- 
ever an eclipse occurs, either solar or lunar, the Sun, 
the Moon, and the Earth are all quite, or very nearly, 
in this plane. The ecliptic is a circle which, like the 
equator, goes round the Earth, and represents the appa- 
rent path of the Sun in the course of a year; that is, if 
a body were held exactly in a right line between the 
centre of the Sun and the centre of the Earth, the shadow 
of that body would travel along the ecliptic. These two 
circles, the equator and the ecliptic, are called greater 
circles, because their planes pass through the centre of the 
Earth, and divide the Earth into two egual parts; whereas, 
all other circles are denominated /ess circles, because their 
planes divide the Earth into two unequal parts. There are 
also two circles which surround the Earth, parallel to the 
equator, and at a distance from it equal to about 234°. 
These are called tropics, from a Greek word which implies 
turning, as the Sun, when it has arrived at those parts, 
begins then to turn away again northward or southward, as 
the case may be; the circle which is nearer to the north 
pole being the tropie of Cancer, and that which is nearer 
to the south pole being the tropic of Capricorn. The posi- 
tion of these two circles is determined by the greatest 
distance which the ecliptic recedes from the equator; and 
they receive their name from the circumstance of the Sun 
being at the time in the constellation which gives the name to 
the tropic. There are also two small circles which surround 
the poles, at a distance from the poles exactly equal to the 
distance of the tropics from the equator. The arctic circle 
is that which surrounds the north pole, at a distance of 
~ the antarctic circle is that which surrounds the south 
pole. The term antarctic signifies opposite to the arctic, 
which latter term is derived from the Greek for a bear: the 
little bear is a constellation over the north pole of the, Earth. 

We now turn more particularly to the subject of our 
frontispiece, where we observe an oval line, which the 
Earth describes annually about the Sun, or which the Sun 
appears to deseribe round the Earth. The Earth moves 
round this orbit in a year, and we have the position of the 
Earth in that orbit at four different periods of the year, 
about three months asunder. It will be seen that the axis 
of the Earth is inclined towards one side, and that it 
remains parallel throughout the whole of the Earth's revo- 
lution ; that is, that there is exactly the same obliquity, or 
sloping direction, at all seasons of the year; this causes 
the equator to form with the ecliptic an angle of about 234°. 

Let us now suppose the time of the year to bé the 21st 
of Mareh, and let us trace the progress of the Earth in 
her annual orbit. She is then in the position which affords 
the northern Spring, and the Sun is at exactly the same 
distance from both poles; that is, if the centres of the Sun 
and the Earth were connected by a right line, this line 
would pass through the equator, and would therefore be 
equidistant from the two poles. Now it is not difficult to 
see that in this ease the Sun imparts just as much heat to 
one pole as to the other, affecting either hemisphere alike. 
At about the 23rd of June the Earth is at the position 
denoted by northern Summer. Here we notice that the 
Earth is farther from the Sun than it was three months 
before: but the excess of heat at this latter period is due 
to a circumstance altogether separate from the actual dis- 
tance of the Sun. The obliquity of the axis of the Earth 
is the important circumstance to which we have to keep our 
attention. We perceive that, in the northern Summer, the 
north pole is nearer to the Sun than the south pole: hence 
a greater amount of heat is received from the Sun by the 
worthern part of the Earth than by the southern, at this 
period, This is the sole origin of the results of the seasons, 





Summer and Winter: the large amount of heat received 
by the northern hemisphere, in comparison with that re- 
ceived by. the southern, produces the season of Summer to 
the former, and Winter to the latter. If at this season we 
mark the boundary line between the enlightened and the 
dark hemispheres of the Earth, it will be seen that this 
line will just graze the polar circles: it will likewise be 
seen that, if we draw a line through the centres of the Sun 
and Earth, that line will pass through the tropic of Cancer, 

We next find the Earth in that position which she attains 
about the 2Iist of September, when the northern Autumn 
is felt. We observe that the Earth's position is such as it 
was in the Spring, when the two poles were exactly equi- 
distant from the Sun. Here, then, we have the season of 
Autumn, in which the direct light and heat of the Sun are 
equal to what they are in Spring. This is not what we are 
in the habit of supposing, because the sensation of warmth 
is decidedly greater in Autumn than in Spring; but the 
apparent contradiction is thus accounted for: although the 
direct heat of the Sun is the same in Autumn as in Spring, 
on account of the distance of the Earth from the Sun being 
equal at those two periods, and the Sun's rays being re- 
ceived at the same degree of obliquity at any given spot,— 
yet the Autumn heat is increased by the accumulated heat 
of the Summer. The surface of the Earth receives in 
Summer so large a portion of heat, that a considerable 
time elapses before it can be radiated upwards into the air, 
and thus is formed a magazine of heat, by which the au- 
tumnal warmth of the Sun's direct rays is augmented; and 
hence we are furnished with the fructifying temperature so 
propitious for the time of harvest. 

From the 2ist of September, the Earth progresses towards 
the north-wintry position, which she attains about the 24th 
of December. Here we find a marked change in the 
relative position of the north and south poles: the north 
pole is turned away from the Sun, while the south pole 
inclines towards him. Hence the north pole and all the 
adjacent parts, including, in fact, the whole northern 
hemisphere, receive a much smaller share of the Sun's heat 
than is enjoyed by the southern hemisphere; and thence 
come the northern Winter and the southern Summer. The 
inhabitants of the northern hemisphere strive to compensate 
for the deficiency of the Sun’s heat by additional clothing 
and additional contrivances for procuring artificial warmth 
in their dwellings, while the inhabitants of the south luxu- 
riate in the overarching light and heat of the Sun. Our 
emigrant countrymen in New South Wales and Van 
Diemen’s Land experience the joys of Summer at the 
time when we are striving to exclude from our hearths the 
chilling blasts of Winter. If a vessel be six months per- 
forming the voyage from England to Australia, and leave 
England in the middle of Summer, it reaches Australia also 
in the middle of Summer; that is, it would have a northern 
Summer at the commencement of the voyage in June, and 
a southern Summer at the termination of the voyage in 
December: the vessel follows the declination of the Sun in 
the seasons; that is, its diminishing and increasing distance 
from the equator. When the vessel set sail, the Sun was 
vertical considerably to the north of the equator: as the 
vessel crossed the line, the Sun was vertical thereabouts at 
the same time: and when the vessel arrives at its destina- 
tion, the Sun has arrived at its greatest southern distance 
from the equator. 

Such is the effect which the obliquity of the Earth's 
axis preduces on the succession’ of seasons: if that axis 
were perpendicular to the plane of the Earth's orbit, or, 
which amounts to the same thing,—if there were always 
some part of the equator precisely between the centres of 
the Sun and the Earth, we should have no vicissitudes of 
seasons, because the Sun would be always at an equal 
distance from both poles. . 

We have stated * that the Sun is nearer to the Earth in 
the Winter than in the Summer; and it would seem that 
the Earth should receive a larger portion of heat in De- 
cember than in June; but the obliquity of the Earth's axis, 
which gives rise to the phenomena of seasons, almost alto- 
gether obviates the mere effect of propinquity. The con- 
sequence of this obliquity is that, in the middle of Summer, 
the Sun attains an altitude, or elevation, above the horizon, 
of sixty-two degrees; while in the middle of Winter, he 
does not reach higher than fifteen degrees, in the latitude 
of London. This difference of meridian-altitude is due to 
the greater or less distance of the spot, where the sun is 
vertical, from the parallel of latitude in which London is 


* See Saturday Magazine, Vol. XILI., p. 35. 
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situated: and, as the sun passes round our globe every 
twenty-four hours, it is constantly describing a winding 
course from one tropie to the other. It is this spiral or 
winding motion, which the poet Thomson alludes to in 
our quotation at the beginning of this paper. Now the 
simple circumstance of the Summer altitude of the Sun 
increases the amount of heat received, in two different ways ; 
first, the direct rays of the Sun have more power at a high, 
than at a low elevation, because they have a less thickness 
of atmosphere to pass through; second, a longer time must 
be employed by the Sun in attaining a great altitude above 
the horizon, than in attaining a smaller altitude; so that 
he must then be above the horizon a greater number of 
hours during the day, and consequently shed a larger 
amount of light and heat in the case of the greater altitude 
than of the smaller. These are occurrences with which we 
are familiar from year to year, because they exert too ex- 
tensive an influence on the affairs of life to escape our 
notice. If, however, we compare these occurrences with 
the different positions of the Earth, as represented in the 
frontispiece, we shall see that the whole depends upon 
whether the northern hemisphere, in which we live, is 
turned nearer to, or farther from, the Sun, than the southern 
hemisphere. 
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SUMMER AND WINTER ALTITUDES OF THE SUN IN THE LATITUDE 
OF LONDON. 


But we cannot help noticing that, as the southern hemi- 
sphere has its Summer while we have our Winter, although 
we may not feel our Winter to be much mitigated by greater 
propinquity to the Sun at that season, it would follow that 
the southern Summer should be warmer and the Winter 
colder than with us; and the testimony, if we may rely 
upon it, of those who have tried the experiment in both 
regions of the world, corroborates the inference which 
science had previously drawn. 

Now, in order to estimate the real position of the Earth 
in space at any given time, or the apparent position of the 
Sun, the astronomers of old time devised a method, which 
is still in use, and which we now proceed to detail. 

The myriads of stars with which the heavens are studded, 
and whose glittering brilliancy forms such a sublime object 
of contemplation in our long Winter nights, we call for the 
most part fired; as we find them maintain constant dis- 
tances and positions with regard to one another: this cir- 
cumstance gives them a value as standards, by which we 
may compare the motions of other bodies. If we use a 
twelve-inch rule to measure the distance between two points, 
the value of the rule depends upon the cireumstance that 
the inches are always exactly the same distance apart ; and 
so it would be with any other standard of measurement. 
When we consider that the Sun, immensely distant as he 
is, is yet infinitely nearer than the fixed stars, whose distance 
has never yet been ascertained, we shall perceive that he 
must very frequently appear to come between the Earth 
and some one star, so as to conceal the star and the Earth 
from each other. It bas, therefore, been found convenient 
to refer the position of the Sun to that star, the position of 
the latter being previously known, 


By this plan astronomers can describe to one another and 
to their readers, the position of any of the moving heavenly 
bodies. In the early ages, when the Chaldean shepherds 
watched the heavenly bodies through the clear and serene 
atmosphere of Syria and Mesopotamia, and at a later period 
when the Arabians cultivated astronomy, the stars were 
pareelled out according to some fancied resemblances to 
animals and other objects, as may be seen on a celestial 
globe. In many instances it baffles both the eye and the 
imagination of a modern observer, to detect any resemblance 
to the objects named in this celestial menagerie; but in so 
far as it enables us to map out the stars into convenient 
and small portions, the arrangement is of service. Each 
of these sets of stars is called a constellation, or assemblage 
of stars. It is to this plan of comparing the clusters of 
stars to the forms of certain animals and other objects, and 
the practice of representing them on our globe, that Darwin 
alludes in the following lines :— 


So erst, ere rose the science to record 

In lettered syllables the volant word; 

W hence chemic arts, disclosed in pictured lines, 
Lived to mankind by hieroglyphic signs; 

And clustering stars, portrayed on mimie spheres, 
Assumed the forms of lions, bulls, and bears. 


In the course of the circuit which the Sun appears to 
make among the stars in a year, the ancients managed to 
trace out resemblances to twelve objets in particular, each 
object being represented by a cluster of stars, through the 
midst of which the Sun had to pass. The Latin and 
English names, and the symbols by which these are known, 
are the following :— 


Bev asccoicsneseta the Ram.,..,......06. © 
NOE oc dcsgaxenst We TUE eeatsvensseea <a 
NUUEENEEE, sesancatsiad the Twins ....... ovtoe an 
CANCEr ...00004r00c8 MO CRED...ccrcccceccce @ 
ZEIT. ccysereraveacadnliiircamsessaane aie 
Virgo...... cvcccccoctal® V IRIED ccccncnccosa tat 
BROOM secccosncsapesd the Balance ......6. & 
Scorpio ...........-the Scorpion ...++++++ M 
Sagittarius ,,....the Archer .......0. f 
Capricornus .,.,..the Goat.........000+ WP 
Aquarius ......... the Waterman .,.... 4 
EEE cssceccecece the Fishes ............ 


These twelve are called the signs of the Zodiac; this 
latter term being derived from the Greek for an animal. 
The remaining constellations, north and south of the 
Zodiac, amount to eighty-two. 

Now, when the Sun ts said to be in Aries, for instance, 
it means that he is situated between the Earth and that 
cluster of stars, which is named after the Ram; and so 
accordingly with any other cluster of stars. When these 
names were first given to the different sets of stars, the 
Sun, on the 21st of March, was about coming between the 
Earth and the sign Aries, or Ram, and that position was 
called the first point of Aries; for a long series of years, 
therefore, the Sun arrived at the first point of Aries on the 
21st of March. In order now to obtain precision in naming 
the position of the Sun at any other period, the whole 
apparent cirele described by him was divided into twelve 
equal parts; whether or not these parts exactly coincided 
with the outlines of the clusters of stars from which they 
were named. Each of these portions, or signs, was further 
divided into thirty equal parts, called degrees, so that the 
position of the Sun at any period could be expressed with 
great accuracy. This apparent motion of the Sun is from 
west to east,—or from the sign Aries to Pisces,—and results 
from the motion of the Earth in the same direction. 

In the course of ages, however, it was found that the 
Sun did not oceupy the same position in the constellation 
Aries on the 21st of March, as he had oceupied at an 
earlier period, This is oceasioned, not by a motion of the 
stars, but by a change in the point of the Earth's orbit at 
which the two hemispheres are equally exposed to the Sun: 
a point, which is generally expressed as that in which the 
plane of the equator cuts the plane of the ecliptic, This 
point is called the equinox, from the cireumstanee that the 
day and night are equal to all parts of the world, when the 
Sun is at the point of intersection. This motion of the 
equinox is called the precession of the equinoxes ; or more 
properly the recession, because they appear to travel back- 
wards, and the signs forwards: it is occasioned by the 
attraction of the Sun and Moon for the mass of terrestrial 
matter at the equator, This precession is, however, s@ 
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exceedingly slow, that it has taken about two thousand years 
for the equinoctial points to recede through one sign, or 
30°, from the point where it was fixed by Hipparchus, who 
was called the “ father of astronomy.” The vernal equinox, 
or the 21st of March, now occurs when the Sun is actually 
in the constellation Pisces; but still, for the convenience of 
maintaining the same nomenclature, the Sun is said to 
enter the first point of Aries on the 21st of March: it 
therefore results that the sign Aries does not correspond 
with the constellation Aries. 

We now understand what is meant by the tropic of 
Cancer, and the tropic of Capricorn; and we shall also see 
in what way the signs of the Zodiac become symbols, as it 
were, of the kind of season which we experience, by merely 
considering that the Sun is between us and those constel- 
lations. For instance, when Spring is about verging towards 
Summer, the effect is thus alluded to: 

At last from Aries rolls the bounteous Sun, 
And the bright Bull receives him. ‘Then no more 
Th’ expansive atmosphere is cramped with cold ; 

Sut, full of life and vivifying soul, 

Lifts the light clouds sublime, and spreads them thin, 
Fleecy and white, o’er all-surrounding Heaven. 

In the middle of a northern Summer the Sun is in the 
sign Cancer, and at that time the inhabitants of that portion 
of the Earth where the tropic of Cancer is situated, have 
the noon-day Sun precisely over their heads; that tropic 
being the most northern situation in which such a cireum- 
stance occurs. From thence the Sun gradually travels in 
a spiral manner down towards Capricorn, during which 
time Autumn's milder heat succeeds to Summer’s glow,— 

When the bright Virgin gives the beauteous days, 
And Libra weighs in equal scales the year ; 

From Heaven’s high cope the fierce effulgence shook 
Of parting Summer, a serener blue, 

With golden light enlivened, wide invests 

‘The happy world. Attempered suns arise, 
Sweet-beamed, and shedding oft through lucid clouds 
A pleasing calm; while broad, and browa, below 
Extensive harvests hang the heavy head. 

Again, when the Sun is in the sign Capricorn, the inha- 
bitants of the line called the tropic of Capricorn have their 
noon-day Sun vertical. For ourselves and the northern 
hemisphere, it may be remarked that at this season, when 

eves cvebede the cheerless empire of the sky 

‘Yo Capricorn the Centaur Archer yields, 

And fierce Aquarius stains th’ inverted year ; 
Hung o’er the farthest verge of Heaven, the Sun 
Scarce spreads through ether the dejected day, 
Faint are his gleams, and ineffectua) shoot 

His straggling rays, in horizontal lines, 

Through the thick air; as clothed in cloudy storm, 
Weak, wan, and broad, he skirts the southern sky ; 
And, soon descending to the long dark night, 
Wide-shading all, the prostrate world resigns. 

If, in astronomical works or almanacs, the reader should 
meet with such expressions as “the Moon is in Aries,” or 
“a conjunction will take place in Libra,” &c., he will at 
once understand that he must look for this event in the 
cluster of stars forming such a constellation, although he 
may feel quite certain that the Sun, or Moon, or planets, 
are much nearer to him than the constellations to which he 
refers them as a background, and to which they seem, at 
the time, to belong. 
















































































DAY AND NIGHT. 


Wes will now explain the causes of the different amount of 
light which we receive at different hours of the day, and 
at different seasons of the year. 


Fig. 23., 





The Sun is the great source of light to the solar system ; 
and without him, all would be dark and invisible: we must 
therefore direct our special attention to the position of the 


ol — to understand the changes frdm light to 
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The question of day and night depends upon this prin- 
ciple, that one half of a globe, and no more, is illuminated 
by one source of light; as we see in the annexed figure. 
If the candle is placed in the plane of the equator, for 
instance, then, as the globe is turned round, one hemi- 
sphere is constantly illuminated from north to south. 

But, now suppose we have a miniature representation of 
the Earth, and suppose the Sun at o to be shining on the 
parts at @ from some distance on the right. We then find 


Fig. 24, 





SUMMER SOLSTICE. 


one-half of the globe illuminated, and the other half 
shrouded in darkness. If ns be the axis of the globe, 
round which it may be supposed to revolve, then £ Q is the 
equator, ba the ecliptic, and aa, Bb, the two tropics. 
The line up separates the dark from the illuminated 
hemisphere, and is therefore the real horizon. Let the 
spot @ represent any given place, and let us see what will 
oceur if the globe revolve on its axis Ns. In its present 
position, the spot a receives a large and continuous amount 
of light from the Sun; because he is not invisible until a 
arrives at the position C: when, however, the globe has 
turned half-round on its axis, we find the place in question 
at a, where it is shrouded in darkness. These effects, it 
will be perceived, are brought about by the motion of the 
globe on its axis. Furthermore, we see that the North 
Pole has constant day, and the South Pole constant night ; 
for, as the globe revolves upon N 8, LN must always be in 
the light, and s p in the shade. Again, suppose the three 
lines Aa, £Q, BO, to be the parallels of latitude of certain 
places; at a, z, and x, it is midnight,—at c, at the centre, 
and atc,it is sunrise; and ata, Q, and 4, it is mid-day. 
As our figure represents the time of the Summer solstice, 
we see that, at the North Pole, there is no night; at the 
tropic of Cancer, there is a short night and long day; at 
the equator, the day and night are equal, as is always the 
case ; at the tropic of Capricorn the night is long, and the 
day short, and at the South Pole there is continual night. 
e will now take the case of the Winter solstice, when 
the former positions will be reversed, as we see in the 
accompanying figure. The globe, which is illuminated as 


Fig. 95. 
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WINTER SOLSTICE. 


to one hemisphere by the Sun at 0, revolves on its axis ns, 
so that LN is constantly in the dark, and sp constantly in 
the light. The places on the northern parallel aa, have a 
short night and long day; at x Q they have the day and 
night equal; and at the southern parallel 6 a, a long day 
and a short night; ats there is constantday. At the equi- 
noxes, the real horizon passes through the poles. 

; Now, the surface of the Earth, to a spectator standing va 
it, does not seem to form part of a globe, because the cur- 
vature is so very gradual: it seems to be a flat surface, the 
boundary of which is called the visible horizon: it follows, 
therefore, that every different spot on the Earth's surface 
has a different horizon. When, therefore, we speak of sun- 
rise, we mean that the Sun first makes his appearance 
above the horizon of the place we are in. If, then, each 
separate place has a different horizon, it follows that the 
absolute time of sunrise is different at the different places 
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In the above figure, Apc is a segment of the Earth's 
surface. The horizon of a is in the direction pa; that of B 
in the direction gp; and that of c in the direction cR. 
Now, if we imagine the Sun rising on the left hand, it is 
evident, by inspection, that the people at A must see him 
when he shall have arrived at p; that the inhabitants at B 
must wait till he shall have arrived up at Q; and that the 
people at c will only begin to see him at rR; or, more 
strictly speaking, the Earth revolves in the direction c BA, 
and the horizon of each place rolls towards the Sun. 


REFRACTION. 


From what has been stated, and from the circumstance 
that the Sun is the source of light to the Earth, it would 
seem that the moment the Sun set, or became concealed 
from us, we should at once be immersed in darkness; a 
transition so sudden, that the presence of the stars, or even 
of the Moon, would not be sufficient to recompense us for 
the deprivation of the Sun’s light. All this would occur, 
if there were no atmosphere surrounding the Earth. The 
atmosphere, which supplies us with the means of respira- 
tion, and with a medium for the communication of sound, 
which supports combustion, which is an aérial ocean in 
which birds can float,—this same atmosphere, wrapped 
round us like an invisible garment, serves to soften the 
intensity of the noon-day heat of the Sun, to give him his 
ruddy colour at rising and setting, and also to furnish us 
with that subdued light which, under the name of twilight, 
moderates the change from light todarkness, and prepares 
us by degrees for the still, cold, calmness of ni ht. We 
must explain how this occurs. 

When a ray of light is passing through a transparent 
body, it moves in a straight line, so long as the medium 
remains of the same density; but if any change occur in 
the density, or compactness, of this medium, the rays 
become bent out of the straight line, the bending taking 
place towards the denser portion: this bending is called 
refraction. Now, the atmosphere which surrounds the 
Earth consists of a light elastic fluid, not gjsth part so heavy 
as water; so that the upper portions press on those which 
are lower, and make them more dense or compact than they 
otherwise would be; this compression gives to the lower 
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rtions of the atmosphere a power of refracting rays of 
ight more than the upper portions. 

The atmospheric air, then, is most dense at the surface of 
the Earth; and its refractive power gradually decreases, 
until we get to a density of air so small, that it ceases to 
disturb the direct progress of a ray of light. When a ray 
falls upon a medium of varying density, such as the air, it 
will be turned gradually out of its path so as to forma 
curved line, 2s shown in the figure, where we have the 
Earth surrounded by an atmosphere of varying density, the 
density at c being greatest, and least at a. Now, if nn’ 
be the horizon of an observer, and s be the Sun actually 
below his horizon, the ray sr will proceed in a right line 
until it meets with the atmosphere a, when it will begin to 
turn out of its previous path; and were the refracting me- 
dium of the same density throughout, the new path of the 
ray would be in a right line also; but not in the same direc- 
tion as the first. But, as we have seen that the density of 
the refracting medium increases as we approach the Earth, 
the ray is consequently more refracted on entering the 
strata B and c, sothat an observer at o receives this refracted 
ray in‘a curved line; but, as he can only see an object in 
straight lines, it follows that he seems to receive the Sun's 
rays at 7’, and that an image of the Sun is seen by him 
at s 

Hence it is inferred that the heavenly bodies are never 
seen in their true places, except when in the zenith; 
refraction having no effect on a vertical ray. Refraction is 
greatest at the horizon, and decreases upwards, as may be 
noticed in the case of the star a, which is seen at a’ by an 
observer at 0’; but, being higher up, its rays are not so 
much refracted as in the former case, The altitude of the 
heavenly bodies seems greater, therefore, than it really is, in 
proportion as we come down to the horizon, where the air is 
thicker and mote humid, The effects of refraction were 
first noticed by Ptolemy, the Egyptian astronomer, about 
the year a. p. 140. 

While the Sun is within 18° of the horizon, or for an 
hour and twelve minutes before sunrise and after sunset, 
we have some light from the Sun; and for many nights 
about the time of the Summer solstice, the Sun being 
within 18° of the horizon, we have no actual night. 

It follows, therefore, curiously as it may seem, that, when 
we seem to see the Sun just above the horizon at sunrise 
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and sunset, he is not actually above the horizon, but only 
seems so, in consequence of the bending round of his rays 
towards the parts where we may be*. Again, the thickness 
of the stratum of horizontal air makes the Sun and Moon 
appear larger than when their rays come down to us less 
ovliquely; and, owing to the difference of the density of 
the air at the upper and lower parts of the disks of the 
Sun and Moon, these bodies are often seen of a compressed 
or oval form. 


TIDES. 


We must now recur to the consideration of the direct influ- 
ence of the Moon upon our globe, and give our attention to 
the third class of phenomena which we enumerated in the 
former paper, as resulting from the joint operation of the 
Sun, Moon, and Earth—the tipzs. 

In our first paper? we stated that one of the properties 
of matter is to attract other matter towards it: for example, 
that a stone drops to the Earth, by virtue of the Earth 
attracting the stone; that the planets retain their wonted 
distances from one another, and from the Sun, by virtue 
partly of the operation of this law. é 

Now it will not be difficult to conceive that, if attraction 
has reference to all matter, and if the Earth and Moon 
attract each other reciprocally, the Moon's attraction, if not 
felt to influence the solid matter of the Earth, may produce 
a great effect on that form of matter which is most easily 
moved, i. ¢., the liquid form. Now, if we exert an attrac- 
tive or moving power of any kind, on a solid mass, such as 
of iron, the whole mass will be moved at once, if any part be 
moved ; because the particles of which it is composed are so 
closely and intimately bound together, that a pressing or 
pulling force will not separate them ; unless indeed it be very 
enormous. With a liquid, however, we know that such is 
not the case. If we move the finger rapidly to and fro in 
a basin full of water, we shall separate some of the water 
from the remainder, and propel it over the edge of the 
basin; we can dip a vessel into the water, and take out a 
portion of it, without altering the nature or appearance of 
that which remains. A solid body may be immersed in 
the liquid, so as to be completely surrounded by it, thus 
showing the ease with which the bulk of water may be 
separated, so as to allow other bodies to insinuate themselves 
between its particles. Nothing of this kind happens with 
solid bodies , and this difference is the sole cause of the 
production of Tides, which we proceed to explain. 

The reason why the Earth revolves round the Sun, 
instead of round any of the planets, is, that the large mass 
of the Sun exerts a stronger attraction than any of the 
planets. Again, the reason te the Moon revolves round 
the Earth, is, that she is much nearer to the Earth than 
to any other planet; while at the same time she is much 
smaller than the Earth. 

The distance between the Earth and the Moon is regu- 
lated by the amount of the attraction of one for the other, and 
by the velocity of the Moon's motion ; and as those quantities 
are equal year after year, there is no perceptible disturbance 
exerted by one on the other. This is, however, only true 
with reference to the Earth, considered as a whole: we 
must bear in mind that three-fourths of her surface is covered 
with water, a substance more likely to be influenced by 
an attractive force than a solid body, owing to the ease with 
which the particles of water glide over one another. It is 
found that, although the Moon's attraction of the Earth, as 
a whole, is neutralized by the counteracting attraction of 
the Earth for the Moon; yet the waters on the surface of 
the Earth, hanging loosely together as it were, suffer a per- 
ceptible inclination towards that quarter where the Moon 
may be situated. 

Let us suppose, while discussing the Theory of the Tides, 
that the whole of the exterior of the Earth consists of water. 
This will make our illustrations clearer. We will also first 
suppose that there is no Moon to act on this watery surface 
of the Earth; then the waters would maintain their wonted 
level, which we may represent by the shaded ring a6 sur- 
rounding the Earth x. (No. 1, Fig. 28.) But suppose now 
(No. 2) the Moon, m, to exert her influence on the surface of 
the Earth; then we must suppose that the waters on the 
Earth's surface would flow towards the side 6 of the Earth 


* It was in consequence of this effect of refraction that on the 
20th of April, last year, the Moon rose eclipsed, before the Sun had 
set: which, but for refraction, could not possibly have happened ; 
or the three bodies would not have been in a line, 

t See Suturday Magazine, Vol, X11. p. 126, 
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nearest to the Moon, in consequence of her attraction of 
them, and that they would thus be drawn up into a protu- 
berance by which an additional quantity of water would be 
collected on the side 6, which could only oecur by a depri- 
vation of the proper quantity elsewhere, which is indicated 
by the diminution of the width of the aqueous ring at the 
other parts, and chiefly at a. 


1 Fig. 28. 2 





But here, against all this, we have a remarkable circum- 
stance to notice. We actually find in nature that not only 
is the water nearest to the Moon drawn towards it in the 
way just described, and is therefore elevated, but the 
water on the opposite side of the Moon is elevated in like 
manner. Now it is plain that the Earth itself, the solid part 
(especially in a central direction,) must feel the attractive 
or drawing influence of the Moon in a greater degree than 
the portion of water which is most remote from the Moon. 
The real form of the liquid surface therefore becomes some- 
thing like that of an egg, the small ends being formed by 
the protuberant water at each extremity, and the flattened 
sides being due to the diminution of the quantity of liquid 
which would otherwise belong to them: the real nature of 
this rise of the waters is therefore better represented by 
the annexed figures, where it will be seen the waters are 
collected in greatest quantity at the sides nearest to, and 
farthest from, the Moon, that is, at the zenith and nadir. 
In fig. 29 the Moon is new, or in conjunction; in fig. 30 
the Moon is full, or in opposition. Hence the same 
effects are produced twice in the lunar month—at new 
and full moon. 

We have hitherto considered the action of the Moon only 
on the waters of the Earth; we must now refer to that of 
the Sun. Although the Sun is so much larger than the 
Moon, yet his distance exceeds that of the Moon in a still 
greater ratio; so that his specific attraction for. the waters of 
the Earth is less than that of the Moon; the attractive 
force of the Sun being to that of the Moon (as is generally 
considered) 1 to5. We have therefore to add, or to subtract, 
the Sun's attraction, according as it assists or opposes that 
of the Moon. Suppose (fig. 31.) that the Moon is in guad- 
rature; that is, in the first or last quarter. In this state, 
as before explained, the Sun s, the Earth g, and the 
Moon M, form a right-angled triangle. The Sun acts on 
a part of tbe Earth 6, which is a quarter of a circle removed 
from the spot a, on which the Moon acts. In fact the Sun 
acts precisely on the part depressed through the Moon's 
action. As the Moon, therefore, would cause the waters to 
rise at the two parts a and a’ in the proportion of 5, while 
the Sun’s influence at 6 and 6’ is in the proportion of 1, 
we have by these means four protuberances instead of two. 
We have represented these as separated by indentations, 
for the sake of clearer illustration. Hence by subtracting 
the Sun's effect 1 from the Moon's eifect 5, we have 
remaining 4, which expresses the highest tide in this posi- 
tion of the Sun, Moon, and Earth. 

But now suppose again that the moon is either full or 
new: the three bodies in question are then in a line, and 
the action of both Sun and Moon will be concentrated to 
the same points, and the rise will be greater than if the 
Sun had not been present. It matters but little whether 
the Moon be new, as at m, fig. 29, or full, as at m, fig. 30; 
because in either case the effect is to raise the waters at 
aa’, and to depress them at 6 6’; for the attractive force of 
the two bodies, when the Moon is new, operates most at 
a, and least at a’—partially at band 6’, In the sinking 
down of the water at 6 and b’, the greater portion is carried 
off towards a, and a smaller portion goes round to help to 
raise the parts at a’, where the water is least affected by 
the attracting bodies. The like reasoning may be used in 
reference to the full Moon (fig. 30,) where the rise at a and 
a’ is followed by the subsidence at 6 and b’. 

It should, however, be observed in addition, that the 
curious circumstance of high water at the zenith and nadir 
at the same time, has been accounted for by reference to 
the centrifugal force of the water of the Earth; which force 
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is generated by the rotation of the Earth on its axis, and is 
greatest at the contrary side of the Earth to the Moon: 
so that high water at the side nearest to the Moon is due to 
her positive attraction; but on the side farthest from the 
Moon to uninterrupted centrifugal force. 

These fluctuations of the waters of the ocean constitute 
Tipes. As the Earth revolves on its axis the protuberant 
waters travel in the opposite direction, being chiefly influ- 
enced by the Moon; and to a certain extent by the Sun, 
The Moon comes to the south of us every day later than on 
the preceding day and tne time of flux or high tide at 
any place is also later every day than on the preceding, in 
the same proportion; whieh is a sufficient indication of the 
superior attraction of the Moon. As there are two opposite 
protuberances, or high tides, on the surface of the Earth at 
one time, it follows that, in its turning once on its axis, 
every part of the Earth experiences two high tides and two 
low tides intermediate between them. These alternations in 
the open sea are at intervals of about six hours asunder; 
but in rivers great irregularities oceur; where, very 
generally, owing to the impediments of the banks, the tide 
rises higher than in the open seas. In order to supply the 
additional ‘quantity of water to those two portions of the 
Earth which are in a line with the centres of the Moon and 
Earth, the rivers and seas on each side must part with a 
portion of their waters, which is returned to them about six 
hours afterwards; but this flux and reflux, or ebb and flow, 
is much retarded by the nature of the channels through 
which the water has to flow; so that high tide occurs at very 
various times in parts not much distant from each other. 

1f the Moon were stationary, an ebb and flow would occur 
every twelve hours; but as the Moon revolves round the 
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Earth, the Earth must make rather more than one revolu- 
tion on her axis, before two ebbs and two flows can be 
completed : hence high water is about three-quarters of an 
hour later on each succeeding day. The tides at new and 
full moon, which are grea‘er than those when the Moon is 
in quadrature, are called spring tides, and the latter neap 
tides. The tides suffer a variation in amount from another 
cause, We have seen that the Moon revolves in an ellip- 
tical orbit; so that at one time she is nearer to the Earth 
than at another time. Now if the spring tide happen when 
the Moon is at her shortest distance from the Earth, the 
tide will be greater from that cause also than if she were 
more remote; and if at the same time the Earth be at its 
nearest distance from the Sun at the time of spring tide, 
the time will then be the greatest that can occur. 

It is not, however, high water at the parts immediately 
under the Moon: the attraction of the Moon takes time to 
produce its full effect; so that three hours elapse, even in 
the open ocean, before the completion of the highest tide: 
that is, if the Moon came over any given spot at twelve 
o'clock, it would not be high water there until three. An 
analogous circumstance is observed in the hottest month 
of the year, and the hottest hour of the day. The Sun 
sheds most heat on our portion of the Earth in June; yet we 
find July and August to be hotter: again, he sheds more 
heat at twelve o'clock than at any other hour; yet we find 
one and two o'clock to be hotter. This arises from the fact 
that the Sun's influence is felt as if it were accumulated, 
after his greatest direct effect is passed, by reason that the 
earth is already saturated with heat. In like manner, the 
spring tide is not until about three days after new, or full 
moon; and the greatest spring tide not until February and 
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October. The Moon's effect is felt, in fact, after it has ceased 
to operate, on the principle in Mechanies, that the effect of 
a foree continues even after the motive power has subsided, 

When the Moon is above the horizon more than twelve 
hours in one day, one of the tides is higher at that place than 
the other on that day, because the Moon is acting upon that 
spot for a longer period: but if the Moon be above and 
below the horizon for about equal periods, the two tides are 
also about equal. The tides are very unequal at different 
places, chiefly on account of the nature of the channel in 
which the water is confined. At Plymouth the difference 
between the highest and lowest tide, on the same day, is 
_ sometimes twenty-one feet; while at Mount St. Michael it 

is sometimes eighty or ninety feet. 

As was observed in the second paper on Navigation, 
the ancients, whose naval pursuits were long limited to 
the Mediterranean Sea, were ignorant of tides; this sca, 
as likewise the Baltic, not being apparently so affected by 
the solar and lunar influence, as to exhibit an ebbing and 
flowing of their waters. These seas have inlets so narrow, 
as not to allow of a free passage of the water; and the 
attractive influence has passed away before any very sen- 
sible effect is produced. In the ease of these seas, and also 
of lakes, the Moon's influence is equally exerted; and, 
there being no swell, is less perceptible. Though we learn 


that the cause of the tides was first suspected by Pytheas, | 


a navigator, who flourished 400 B.c.*, yet Newton was 
the first to demonstrate that the tides were the result of 
the attraction of the Sun and Moon; and thus did he add 
another to the long list of benefits which he -conferred on 
posterity, by ons those sublime and beautiful laws, 
according to which it has been ordained that the world 
shall be governed, by Him who— 
Gives and guides the Sun’s attractive force, 

And steers the planets in their silver course ; 

With heat and Tight revives the golden day, 

And breathes his spirit on organic clay; 

With hand unseen directs the general cause, 

By firm, immutable, immortal ae. 

Air, being lighter than water, and being likewise nearer to 
the moon, must be more within her influence: hence there 
are doubtless aérial tides; of which if the nature were 
well understood, the subject of Meteorology and of the 
weather generally, would be more decidedly a science than 
it now is. 


LATITUDE AND LONGITUDE. 


For the origin of the terms latitude and longitude, we refer 
our readers to Vol. XII. page 208. 

In the modern acceptation of the terms, latitude is the 
distance of any place north or south from the equator; 
and fongitude its distance east or west of any given 
meridian. Thus, the line of latitude is always at right 
angles to the line of longitude; and the spot, denoted by 
a certain latitude and longitude, is situated where these 
lines cross each other. This mode of marking out the 
position of a place on the surface of the Earth, is referable 
to the motion of the Earth on its axis; which motion is the 
most constant and equable in nature. 


* See Saturday Magazine, Vol. X1I., p. 204. 
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In the subjoined figure, we have a representation of the 
terrestrial globe. The North and South Poles, pand g, are 
the extremities of the imaginary axis; or those points 
which do not revolve at all. The equator, gu BR, is equi- 
distant from these points. Lines parallel to the equator 
are called parallels of latitude ; of which as many may be 
drawn as we choose; but it is usual in maps and globes 
to draw them through every 10° northward and southward : 
the space between every two parallels being then divided 
into ten parts, each of which is a degree. From p or Q to 
E or R are reckoned 90°, which is one quadrant of the globe, 





It is usual for the principal nations in the world, which 
have cultivated science, and made themselves respectable in 
the opinion of fellow-nations, to reckon their longitude from 
the meridian of their own capital. Thus, the English 
reckon longitude from the meridian of Greenwich, which 
is, as it were, part of London, and is the site of the royal 
observatory. The French count degrees of longitude from 
the meridian of Paris. 

Longitude is reckoned eastward and westward; and the 
meridians are usually drawn on globes and maps 15° apart, 
because the Sun passes over this extent of the Earth's 
surface in one hour; or all round the globe in twenty-four 
hours: so that there are twenty-four meridians, or lines of 
longitude, such as we see drawn from P to @Q, where the line 
PA Q is the meridian of a. Each degree of longitude is, 
at the equator, about sixty-nine and a half English miles; 
and each degree, becomes less as we recede from the 
equator towards the poles, in consequence of the circles 
getting smaller. 





In our next paper, we shall describe those planets whose 
orbits are exterior to the orbit of the Earth. 
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